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PROJECT OVERVIEW

(i) Development and demonstration of innovative battery and non-batteryenergy 

storage components 

(ii) Research on novel materials and system componentsto resolve key cost and 

performance challenges for electrochemical energy storage systems based on earth 

abundant advanced chemistries.

Thrust Area : Cost Competitive Energy Storage  

Potential Use Case ïLong Duration Energy Storage 10-100 Hrs at Rated Power 

Key Requirements

ÅLow installed energy capital cost : 5-35 $/kWh
ÅEnergy round trip efficiency (RTE) > 50% 
ÅProvide multiple value streams : Enable several 

applications with a single, long operating-life asset

Relationship between power and energy 
capital cost for different RTE and chemistry 

Requires low cost and high energy density chemical 
reactants 

Albertus et.al. Joule, 4, 2020 
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PROJECT OBJECTIVE

I. Demonstrate potential high energy density redox systems for long duration storage based 
on earth abundant materials.

II. Develop low cost and scalable approach membranes for non-aqueous redox flow batteries

We have developed a Na-polysulfide based redox flow cell as one of the viable low cost and 

high energy density systems  

Biphenyl Anolyte ß0 + Na+ + e- ź Na+ßÅ-

Na2Sx Catholyte Na2Sxź NaySx + (2-y)Na+ + (2-y)e-

Overall Na2Sx + (2-y)ß0ź NaySx + (2-y)Na+ßÅ-

E- ~0.2V vs. Na/Na+

E+ ~2.2V vs. Na/Na+

Ecell~ 2.0V

Supporting Electrolyte: 0.9m NaTFSin 2EGDME
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PROJECT METRICS AND MILESTONES

Å Develop and test Na-polysulfide redox flow cell for long-duration energy storage

Å Synthesize,fabricate,andoptimizeNa-ion basedcompositemembranes

ð Targets: Na+ conductivity> 10-4 S/cm; transferencenumbert+ > 0.7; Youngsmodulus > 10MPa

Å Test membranesin redox flow systemto study durability and mitigate degradationof
membranesandredoxspecies.

ð Target: Membraneareaspecificresistance(ASR)< 50ohm-cm2

Å Testcompatibilityandchemicalcrossoverof membraneseparatorsfor nonaqueousflow
batteries

Metrics based on OE workshop organized by LANL-PNNL-ORNL-Sandia on 
Non-Aqueous Redox Flow Batteries, Santa Fe, NM-2019 
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Systemôs specific energy is highly dependent on redox species concentration and sulfur utilization.

Na2Sx/biphenyl flow battery can achieve specific energies up to 100 Wh/kg (includes 
mass of redox species + salt + solvent).  Power density can be improved by developing 
membranes with high Na+ conductivity.
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Nonaqueous Flow Cell Testbed

CatholyteAnolyte

Cell Stack

Pump Pump

Hardware was developed to benchmark the performance of polymer membranes and 
high energy anolytes/catholytes for nonaqueous redox flow batteries.
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Sodium polysulfide/biphenyl RFB shows reversible capacity > 200 mAh/gNa2S8. Ongoing 
work is focused on identifying irreversible reaction products during discharge.

Compartment RedoxSpecies* Capacity (mAh)

Catholyte Na2S8 2 (for 2 e- process)

Anolyte Biphenyl(ß) 100(50-fold excess)

* Baseline Electrolyte = 0.9 m NaTFS in diglyme
S8

Na2S8

Unpublished 2020
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Energy density of sodium polysulfide (Na2Sx) catholyte increases with sulfur 
utilization, but formation of insoluble phases during cycling (S/Na2S4) may inhibit 
flow cell performance.

NaS8 Na2S8 Na2S7 Na2S6 Na2S5 Na2S4

Na2Sx/2EGDME Polysulfide Solutions (0.2m)

125 mAh/gS

313mAh/gS

Na2S4 Precipitate

Na2S4 (JCPDS 25-1112)
NaS8 Precipitate

S8 (JCPDS 08-2047)

2ɗCuKŬ/ deg.2ɗCuKŬ/ deg.

In
te

n
s
it
y
 (

A
.U

.)
  
  
 

Na2Sxis highly soluble in 2EGDME for 5 Ò x Ò 8. 

Outside this window, formation of S and Na2S4

precipitates was confirmed using XRD.

125 mAh/gS


